Abstract. The purpose of the research was to find a time frame for the beginning, duration of maximum intensity, and end of nocturnal bird migration. The research was carried out using photo registration on a radar screen during the spring and autumn seasons of 1999-2001. Examination of the average length of daylight at the beginning of migration and the onset of civil twilight yielded a high correlation factor for both spring and autumn. The results showed that, on average, nocturnal migration began at the onset of civil twilight, that is, half an hour after sunset. The time elapsing between the onset of migration and the maximum concentration of migratory birds averaged about 70 minutes in both spring and autumn. Nocturnal migration usually came to an end within the one and a half to two hours after sunrise. We ascertained the seasonal time shift for the onset of nocturnal migration corresponding to the seasonal time shift related to the approach of darkness. The average times of the beginning, maximum intensity and end of nocturnal migration were found to be related to photoperiodic factors.
INTRODUCTION
The problem of temporal daily features of bird migration at night was studied by many investigators (Table 1) . Some of them cite data of time characteristics for migration from results of visual supervision of bird flights, which especially in evening and nighttime, could not be accurate. Also, non-specialized radar units used in the research have had limits for detecting the range of birds' characteristics, and their technical characteristics did not allow for estimation of the flight altitudes. Time characteristics of migration depend on local features of territory, weather, and climate; thus the data received in one particular place can differ from similar data of any other region.
Most of the authors specify an exact time for the beginning of migration irrespective of spring or autumn months. Some researchers adhere that night migration begins at the time of sunset; separate researchers specify the beginning of night migration before sunset, at the same time others state that it is after sunset. In addition, the difference of time between the data of some and the data of others varies by about three hours. Moreover, observations carried out in Israel demonstrate that all three of these temporal characteristics of migration have significant daily and monthly variability. Therefore, the task to determine the time characteristics of bird migration is still an important one.
MATERIALS AND METHODS
Since 1997, research of seasonal bird migrations have been conducted in Israel with the help of meteorological radar MRL5. The radar was located at Latrun (34°98'N, 31°83'E) midway between Tel Aviv and Jerusalem, 18 km southeast
Temporal characteristics of night bird migration above Central Israel -a radar study
The temporal radar-tracking parameters of migration are the following: -the moment of evening time when there were a great number of nonchaotically focused radio echoes that appeared as tracks (stripes) on the radar screen, and were formed by moving birds; -the moment of nighttime with a maximum quantity of radio echoes as in the above-stated tracks; -the moment of time when these radio echoes became weak, and their orientation became chaotic, which means that the migration has almost stopped.
The time units for this current research were the following: the beginning of migration t 1 , maximal intensity of migration t 2 and end of migration t 3 in a daily range of time.
Time of the beginning (start) of migration t 1 . Radar station MRL5, because of its characteristics, can detect all changes in any quantity of radartracking signals from birds, including their distribution regarding height in day and nighttime and independently based on weather conditions (Dinevich & Kaplan 2000 . There is an opportunity to choose the number of bird radio echoes as an experimental unit that can be easily measured with the help of radar. The birds are present in the air space almost all the time. However, the usual flight directions of these birds are chaotic. For the beginning of the night migration we chose a time when the birds' radio echoes were detected in a radius of review (30 km for nighttime) looked like tracks directed in a rather close direction on the radar screen. In spring, this direction for our region was to the north, and in autumn -to the south. Also, the intensity of bird flight on radar screen accounts for no more than 1-2 points on an eight-point scale of screen saturation (Richardson & Gunn 1971) , and then quickly grows.
Time of the maximal (peak) intensity of migration t 2 . The moment of night when the quantity of strips from the birds' radio echoes reaches its maximum value is accepted as the time of maximal intensity of migration.
Time of end of migration t 3 . The moment when the number of strips from the birds' radio echoes decreases up to a minimum value and their orientation in space becomes chaotic is accepted as the time of the end of migration.
During the analysis, about 10 000 photos (from more than 600 days) were processed. There were also constant visual supervisions on the radar screen with permanent registration of the information in a special diary. The long sequences of data collected in autumn and spring of 1999-2001 were used for the analysis of the first two characteristics t 1 and t 2 . The estimation of data sufficiency gave us the basis to believe, that the received results for the studied region have a high statistical significance and can be presented to researchers for discussion. The parameter t 3 has not as long a data sequence. It was measured only selectively within 33 days of two incomplete autumn months of 2001, and thus the estimations of characteristics are only preliminary.
Data smoothing was made using the standard program by a method of sliding average with Step 4, used as an averaging of complex data.
RESULTS AND DISCUSSION

Time of the beginning (start) of night migration
The missing data for holidays, days off, and days allotted for repair of the equipment total 110 days for three years. The data for the missing days of supervision were equated to the last day with correct measurement before a missed day. Such an approach creates an error in estimating results, but in such a long experiment (630 days for three years) these missing days cannot have an essential influence on the general picture of migration. Deviations of the time of the beginning of night migration reach 2.5 hours in proximate days. Nevertheless, the curve gained by averaging this characteristic is well coordinated to the curve of changes in the time of civil twilight ( Fig. 1) .
Correlation between the averaged time of the beginning of night migration and three astronomical time characteristics had high value (Table 2) .
We discovered regularity in the distribution of the average time of the start of migration. The later the sun sets in the spring, the later the night migration began. The earlier the sun sets in autumn, the earlier the night migration started. The start of migration coincided well with the civilian twilight (Table 2) . Thus the primary factor for the beginning of night migration is a photoperiodic one -daylight hours.
Night migration began with the moment darkness approached, and there is a seasonal shift in this time. This shift coincides well with a similar one in the time of approach of civil twilight. It is noticed also that roughly half an hour before the time of sunset, the usual diurnal bird flights cease almost completely, and renew only with the beginning of night migration. Nevertheless, significant of the Ben Gurion International Airport. This location is within the borders of the migratory route, which is a geographical area that has hundreds of millions of birds flying to their wintering sites and back (Leshem & Bahat 1999) . Application of high potential meteorological radar on this extensive migration has allowed collection of data on night bird migration over a large territory.
The study is based on data received by using the radar MRL5 during 1999-2001. Application of this high potential radar the study of night bird migration, including the change of intensity and flight direction was associated with time and various heights. The technical characteristics of the MRL5 radar used in our research were described by Dinevich & Kaplan (2000) .
Daily time features, which are accepted in astronomy, were used for this research, namely the time of sunset, time of civil twilight (when the center of the sun is geometrically 6 degrees below the horizon for this geographical latitude, corresponds to a half-hour interval after sunset), time of night (when the sun is 18 degrees below the horizon), and time of sunrise.
Reception of track, instead of dot radio echoes from the birds, was carried out in a simple way. For this purpose, the camera lens was opened during a given (in our case 3 minutes) time frame while performing radar screen shots. The radar diagram rotates at the speed of 6 revolutions per minute. Thus, the dot radio echo from a moving bird forms a line on the radar screen, which we have named a track. The track from the air plane represents a dotted (faltering) line.
To prove the time of the beginning of migration more precisely, the screen shots before sunset were carried out with a periodicity of 10 minutes with a successive increase in the angle of elevation from 0 up to 5-6 degrees with a range increment of 1.5 degrees. Thus, aerial elevation was carried out with a range increment equal to the width of its diagram for a wavelength of 10 cm. In later nighttime, these shots were carried out using the same technology, but with an interval of 30 minutes, and after the passage of the peak period -an interval of one hour. Sometimes, screen shots were performed throughout the night until 7.00 in the morning. Moreau 1972 , Richardson 1978b , 2000 , Bruderer 1999 Sweden (r) 32 min. after sunset 2 hrs after migration start Bruderer 1999 Israel (r) 0.5-1 hrs after sunset 1-2 hrs after sunset Alfia 1995 Israel (r) 20.00 21.00-22.00
daily deviations from the revealed average values are connected to some other causal reasons which should be investigated further. Fluctuations in time of the beginning of night migration were substantially connected to the weather conditions (presence of rain, strong wind, and dense overcast). However, weather conditions are not the only cause.
Thus, we have chosen the time of the approach of civil twilight for the indicator value of time for the beginning of night migration for this region.
Time of the maximal intensity of night migration
Peak of migration during night time matched to the start of night migration (Fig. 2) . The difference Spring 2000 Local time (h) between the time of the beginning of migration and the time of its maximum intensity averaged about 70 minutes in spring and autumn (Table 3) . Average time of the beginning of night migration almost coincides with the time of civil twilight, and the average means that it is increases from 19.20 in the beginning of spring to 21.00 at the end of spring and on the contrary decreases from 20.00 in the beginning of autumn to 18.20 at the end of autumn. The value of changes in the time of the beginning of night migration differs by more expressed stability in relation to the time of civil twilight. For example ( Table 2 ) the correlation factors between the time of civil twilight and the averaged time of start and the daily peak of night migration are, therefore, equal to 0.813 and 0.749 (Table 2 ). The same difference is very noticeable on the appropriate curves (Fig. 2) Variations of the curve of night migration peak were more common and their amplitudes more significant, than on the curve at the beginning of migration.
From the data in the literature (Richardson 1990 , Bruderer 1999 , the beginning of night migration is mainly triggered by waterfowl and waders. The passerines that comprise the quantitative majority of the migratory stream determine the maximum of intensity of night migration (Richardson 1990 , Bruderer & Leichti 1995 , Bruderer 1999 . Largely, it is the flight of single birds or small groups that begin the migration from various roosting sites. The affinity or remoteness of these birds to the radar defines the time of maximal saturation of the screen. The choice of roosting sites is determined by the presence of fodder resources and the physiological condition of birds before (in autumn) or after (in spring) crossing of ecological barriers like Negev desert. By virtue of the morphometric and aerodynamic features, the passerines, in comparison to waterfowl, are more influenced by adverse weather conditions. This factor also determines the variability of time of the maximal intensity of migration. Birds migrating early spring have different timing than other migrants -these birds start their flights after the time of civilian twilight (Fig. 2) . This phenomenon could be caused by bird specific composition and weather conditions corresponding to these time periods.
Time of end of night migration
As already indicated, the volume of the data on the time of the end of night migration (t 3 ) is not sufficient for exact estimations. Therefore, the results of the research submitted in this paragraph demonstrate preliminary estimations of characteristics for discussion of the chosen technique.
After 23.00-24.00 the intensity of night migration weakened. The minimum came by five o'clock in the morning, and by seven the migration rate was almost zero. The index of saturation of the radar screen with the tracks from moving birds felt to a value of 1-3.
Night migration continued after sunrise with "languid" intensity still occurring for almost one and a half to two hours. This factor was noted in the research in the Arava Desert (Bruderer 1999) . Many night migrants, especially herons, ibises and spoonbills, often continue their flight after the approach of morning.
In the diagram showing the changes in the time of the end of night migration (Fig. 3) , the disorder of points has formed some graph area that is characterized by regression line and lines of confidential interval of normal distribution.
The continuous lines in this figure represent lines of regression and confidential interval of normal distribution with a factor of 0.95, i.e., 95 % of all cases, which can be described by the area of regression, are situated in graph limits. The faltering line reflects a confidential interval of regression. The confidential interval determines the borders in which the statistically significant values of regression are situated (Fig. 3) .
The concentration of experimental points within the regression line is small. Nevertheless, the curve and area of regression t 3 even for the short autumn period tend to grow as well as is the case with parameters t 1 and t 2 . The later the sun rises, the later the night bird migration stops.
CONCLUSIONS
The following results of the research are offered for discussion: -nocturnal bird migration above Central Israel begins on the average from the moment of approach of civil twilight that, for this geographical latitude, corresponds to a half-hour interval after sunset; -the interval between the time of the beginning and the maximal concentration of night migration averages about 70 minutes both for spring and autumn periods; -migration is not uniform during the nighttime. Its sharp recession, as a rule, falls to the time period of 23.00-24.00. By 5 o'clock in the morning, migration has reduced by up to 1-2 points based on an 8-point scale. The end of night migration comes between one and a half to two hours after sunrise; -time characteristics of night migration have significant daily variability. Occasionally, the amplitude of time of the beginning of migration, even for proximate days, reaches about 135 minutes. The maximal deviation from the average time of the beginning of migration for the experimental period is 144 minutes in spring and 95 minutes in autumn; -the seasonal shift in the time for the beginning of the night migration was determined. This shift corresponds to a similar seasonal shift for the time of the approach of darkness; -the averaged values of time for the beginning, maximal intensity, and end of night migration are caused by photoperiodic factors; -the birds, migrating early spring have different timing of migration than other migrants. This phenomenon could be caused by weather and bird specific composition for the corresponding period; -dynamics of time of maximal intensity of night bird migration on various days and months matches a pattern of similar changes in the time of the beginning of night migration in general. The curve of time for maximal concentration of night migration has a larger variability on frequency and amplitude than similar parameters of the curve of time for the beginning of night migration. Probably, this difference is caused by the influence of weather. Additionally, the remoteness of roosting sites and feeding places of night migrants related to the radar disposition could be significant as well. The maximum night concentration of these birds on the radar screen comes then when the birds enter the detection zone of the radar after take-off from various feeding and roosting sites. 
